Three experiments examined the role of reference directions in spatial updating. Participants briefly viewed an array of five objects. A non-egocentric reference direction was primed by placing a stick under two objects in the array at the time of learning. After a short interval, participants detected which object had been moved at a novel view that was caused by table rotation or by their own locomotion. The stick was removed at test. The results showed that detection of position change was better when an object not on the stick was moved than when an object on the stick was moved. Furthermore change detection was better in the observer locomotion condition than in the table rotation condition only when an object on the stick was moved but not when an object not on the stick was moved. These results indicated that when the reference direction was not accurately indicated in the test scene, detection of position change was impaired but this impairment was less in the observer locomotion condition. These results suggest that people not only represent objects' locations with respect to a fixed reference direction but also represent and update their orientation according to the same reference direction, which can be used to recover the accurate reference direction and facilitate detection of position change when no accurate reference direction is presented in the test scene.
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Introduction
As mobile organisms, humans must update their positions and orientations with respect to objects in the surrounding environment in order to efficiently interact with the world. For example, suppose you are entering your department's main office and see a colleague who is to your left. You stop and turn left to have a chat. After turning, you need to know that the main office is to the right of you. Such spatial updating processes are one of the most basic functions of the human cognitive system. The aim of this study was to examine the spatial reference system relative to which the spatial updating process takes place.
The early theories of spatial memory and navigation stipulated that animals, including humans, have an enduring cognitive map of objects in the environment and during locomotion update the representation of their location and orientation in the cognitive map (e.g., Gallistel, 1990; O'Keefe & Nadel, 1978; Tolman, 1948) . These theories found support in the discovery of place cells (e.g., O'Keefe & Nadel, 1978) and head direction cells (e.g., Taube, Muller, & Ranck, 1990) in animals. These theories were challenged by Wang and Spelke (2002) . Wang and Spelke stipulated that humans do not need to have enduring allocentric representations of objects' locations, although they might have enduring allocentric representations of geometric shapes (e.g., shape of room). Instead humans represent locations of individual objects with respect
